TITLE 



CAST ALUMINUM NODE FOR CONNECTING VEfflCLE 
FRAME MEMBERS AND METHOD OF MANUFACTURING SAME 

CROSS REFERENCE TO RELATED APPLICATION 
This application claims the benefit of United States Provisional Application No, 
60/440,573, filed January 16, 2003, the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
This invention relates in general to the manufacture and assembly of vehicle 
fi-ame members and in particular to a method and apparatus for forming nodes that 
facilitate the connection of fi-ame members. 

Many land vehicles in common use, such as automobiles, vans, and trucks, 
include a body and firame assembly that is supported upon a plurality of ground- 
engaging wheels by a resilient suspension system. The structures of known body and 
fi-ame assemblies can be divided into two general categories, namely, separate and 
unitized. In a typical separate body and firame assembly, the structural components of 
the body portion and the frame portion of the vehicle are separate and independent 
from one another. When assembled, the frame portion of the assembly is resiliently 
supported upon the vehicle wheels by the suspension system and serves as a platform 
upon which the body portion of the assembly and other components of the vehicle can 
be mounted. Separate body and frame assemblies of this general type are found in 
most older vehicles, but remain in common use today for many relatively large or 
specialized use modem vehicles, such as large vans, sport utility vehicles, and trucks. 
In a typical unitized body and frame assembly, sometimes referred to as a space frame 
assembly, the structural components of the body portion and the frame portion are 
combined into an integral unit that is resiliently supported upon the vehicle wheels by 



1 



the suspension system. Unitized body and frame assemblies of this general type are 
found in many relatively small modem vehicles, such as automobiles and minivans. 

Most known vehicular body and frame assemblies are formed from a plurality 
of individual structural members that are permanently joined to one another. In the 
5 past, the various structural members have been secured directly to one another to form 
the vehicular body and frame assembly. More recently, it has been proposed to 
manufacture a vehicular body and frame assembly by providing a plurality of 
structural members and a plvirality of nodes. The ends of the structural members are 
secured to mounting portions provided on the nodes to form the vehicular body and 

10 frame assembly. The known methods for manufacturing a vehicular body and frame 
assembly have been satisfactory when all of the structural members thereof are formed 
from the same material. However, it has been found to be desirable to form some or 
all of the structural members of the vehicular body and frame assembly from different 
materials. Thus, it would be desirable to provide an improved method of 

15 manufacturing a node for joining a plurality of structural members together, such as in 
a vehicular body and frame assembly, that is well suited for joining structural members 
that are formed from differing materials. 

SUMMARY OF THE INVENTION 
20 This invention relates to an improved method of manufacturing a node for 

joining a plurality of structural members together, such as in a vehicular body and 
frame assembly, is well suited for joining structural members that are formed from 
differing materials. An insert is provided having a node securing portion and a 
mounting portion that is adapted to have a structural member secured thereto. A node 
25 is formed about the node securing portion of the insert for joining a plurality of 

structural members together. The insert can be formed from a first material, while the 
node can be formed from a second material that is different from the first material. 
The insert can be provided with a node securing portion having at least one aperture or 
protrusion formed therein, and the node can be formed within or about the aperture or 
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protrusion. A plurality of inserts can be provided, each having a node securing portion 
and a mounting portion, and the node can be formed about each of the node securing 
portions of the inserts. The structural members can be secured to the mounting 
portions of the inserts before the node is formed. 
5 Various objects and advantages of this invention will become apparent to those 

skilled in the art from the following detailed description of the preferred embodiments, 
when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a perspective view of a vehicle frame assembly that is formed from a 

plurality of structural members and includes a pair of nodes in accordance with a first 
embodiment of this invention for joining two or more of such structural members 
together. 

Fig. 2 is an enlarged exploded perspective view of one of the nodes and the end 
15 portions of several of the structural members illustrated in Fig. L 

Fig. 3 is an enlarged perspective view of the node and the end portions of the 
structural members illustrated in Fig. 2 shown assembled. 

Fig. 4 is a sectional elevational view of a portion of the node and the end 
portion of one of the structural members illustrated in Fig. 3. 
20 Fig. 5 is an enlarged exploded perspective view of a node in accordance with a 

second embodiment of this invention and the end portions of several of the structural 
members illustrated in Fig. 1. 

Fig. 6 is an enlarged perspective view of the node and the end portions of the 
structural members illustrated in Fig. 5 shown assembled. 
25 Fig. 7 is a sectional elevational view of a portion of the node and the end 

portion of one of the structural members illustrated in Fig. 6. 

Fig. 8 is an enlarged perspective view of a plurality of inserts that can be used 
to form a third embodiment of a node for joining two or more of the structural 
members illustrated in Fig. 1 together. 
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Fig. 9 is an enlarged exploded perspective view of a third embodiment of a 
node after it has been formed about the inserts illustrated in Fig. 8, and fiirther 
including the end portions of several of the structural members illustrated in Fig. 1 . 

Fig. 10 is an enlarged perspective view of the node and the end portions of the 
5 structural members illustrated in Fig. 9 shown assembled. 

Fig. 1 1 is a sectional elevational view of a portion of the node and the end 
portion of one of the structural members illustrated in Fig. 10. 

Fig. 12 is an enlarged perspective view of a plurality of inserts that can be used 
to form a fourth embodiment of a node for joining two or more of the structural 
10 members illustrated in Fig. 1 together. 

Fig. 13 is a sectional elevational view of a portion of a fourth embodiment of a 
node and the end portion of one of the structural members illustrated in Fig. 1 . 

Fig. 14 is an exploded perspective view of an end portion of one of the 
structural members illustrated in Fig. 1 and a pair of insert cups that can be used to 
15 form a fifth embodiment of a node for joining two or more of the structural members 
illustrated in Fig. 1 together. 

Fig. 15 is a perspective view of the end portion of the stmctural member and 
the pair of insert cups illustrated in Fig. 14 shown assembled. 

Fig. 16 is a sectional elevational view of the end portion of the structural 
20 member and the pair of insert cups illustrated in Fig. 15. 

Fig. 17 is a perspective view of a fifth embodiment of the node after it has been 
formed about the end portion of the structural member and the pair of insert cups 
illustrated in Figs. 14, 15, and 16, and further about the end portions of several others 
of the structural members illustrated in Fig. 1. 
25 Fig, 1 8 is a sectional elevational view of a portion of the fifth embodiment of 

the node illustrated in Fig. 17 and the end portion of the stmctural member illustrated 
in Fig. 16. 
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Fig. 19 is an exploded perspective view of a plurality of the structural members 
illustrated in Fig. 1 prior to being joined together by a plurality of nodes to form a 
vehicle frame sub-assembly. 

Fig. 20 is a perspective view of the vehicle sub-frame assembly illustrated in 
5 Fig. 19 shown assembled. 

Fig. 21 is an exploded side elevational view of a plurality of the structural 
members prior to being joined together by a plurality of nodes to form a vehicle side 
frame assembly. 

Fig. 22 is a side elevational view of the vehicle side frame assembly illustrated 
10 in Fig. 21 shown assembled. 

Fig. 23 is a perspective view of a sixth embodiment of a node that can be used 
to join a plurality of structural members together to form a vehicle frame assembly. 

Fig. 24 is a perspective view of a pair of structural members that are connected 
together by the sixth embodiment of the node illustrated in Fig. 23. 
15 Fig. 25 is a perspective view of a seventh embodiment of a node that can be 

used to join a plurality of structural members together to form a vehicle frame 
assembly. 

Fig. 26 is a perspective view of an eighth embodiment of a node that can be 
used to join a plurality of structural members together to form a vehicle frame 
20 assembly. 

Fig. 27 is a perspective view of a pair of structural members that are connected 
together by the eighth embodiment of the node illustrated in Fig. 26. 

Fig. 28 is a perspective view of a ninth embodiment of a node, a plurality of 
inserts, and an end portion of a structural member. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, there is illustrated in Fig. 1 a vehicular body 
and frame assembly, indicated generally at 10, in accordance with this invention. The 
illustrated vehicular body and frame assembly 10 is, in large measure, conventional in 
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the art and is intended merely to illustrate one environment in which this invention 
may be used. Thus, the scope of this invention is not intended to be limited for use 
with the specific structure for the vehicular body and frame assembly 10 illustrated in 
Fig. 1 or with vehicular body and frame assemblies in general. On the contrary, as 
will become apparent below, this invention may be used in any desired environment 
for the purposes described below. 

The illustrated vehicular body and frame assembly 10 is a unitized space frame 
assembly that includes four different types of structural members that are secured to 
one another. The first type of stmctural member is a straight member, such as shown 
at 11. Straight members 1 1 are generally linear and elongated in shape. The second 
type of structural member is a curved member, such as shown at 12. Curved members 
12 are non-linear and elongated in shape. The third type of stmctural member is a 
joint node, such £is shown at 13. Joint nodes 13 are relatively short members that are 
provided to join adjacent structural members of the vehicle frame assembly 10 
together at a joint. The fourth type of structural member is a member node, such as 
shown at 14. Member nodes 14 are relatively long structural members that are also 
provided to join adjacent members of the vehicle frame assembly 10 at a joint. 

In the illustrated embodiment, each of the stmctural members 11, 12, 13, and 14 
is formed of metallic material, although such is not required. Preferably, such 
stmctural members 11, 12, 13, and 14 are all hollow and cylindrical in shape, although 
such is not required. The structural members 11, 12, 13, and 14 can be hydroformed 
to desired shapes, although again such is not required. The stmctural members 11, 12, 
13, and 14 are, for the most part, joined directly to one another to produce the vehicle 
frame assembly 10. This can be accomplished, for example, by forming some end 
portions of the various stmctural members 11, 12, 13, and 14 to be relatively small in 
dimension and by forming other end portions of the various stmctural members 11, 12, 
13, and 14 to be relatively large in dimension. Thus, the relatively smaller end 
portions can be disposed telescopically within the relatively larger end portions and 
secured directly together, such as by welding. 
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The illustrated vehicle frame assembly 10 also includes two nodes in 
accordance with a first embodiment of this invention, each indicated generally at 20. 
Each of the nodes 20 is provided for joining two or more of the structural members 1 1, 

12, 13, and 14 together. In the illustrated embodiment, each of the nodes 20 is 

5 provided for securing one of the curved members 12, one of the joint nodes 13, and 
one of the member nodes 14 together at a joint. However, it will be appreciated that 
the nodes 20 can be used to join any number of any of the structural members 11, 12, 

13, and 14 of the vehicle frame assembly 10 together at a variety of different joints. 

The structure of one of the nodes 20 is illustrated in detail in Figs. 2, 3, and 4. 

10 As shown therein, the illustrated node 20 includes a body portion 21 having a plurality 
of mounting portions 22, 23, and 24 extending outwardly therefrom. The node 20 can 
be manufactured in any desired manner, such as by casting. As best shown in Figs. 2 
and 4, the mounting portions 22, 23, and 24 are hollow and are formed having cross 
sectional shapes that are complementary to the shapes of end portions 12a, 13 a, and 

15 14a of the structural members 12, 13, and 14 that are intended to be respectively 
secured thereto. Thus, the end portions 12a, 13 a, and 14a of the structural members 
12, 13, and 14, respectively, can be inserted telescopically within the mounting 
portions 22, 23, and 24 of the node 20, as shown in Figs. 3 and 4. Preferably, the outer 
surfaces of the end portions 12a, 13 a, and 14a fit snugly within the inner surfaces of 

20 the associated mounting portions 22, 23, and 24. Additionally, the end portions 12a, 
13a, and 14a may be formed having tapered outer ends, as shown in Fig. 4, to facilitate 
the insertion thereof within the associated mounting portion 22, 23, and 24 of the node 
20. Preferably, the end portions 12a, 13a, and 14a of the structural members 12, 13, 
and 14 are hydroformed, such that the dimensions of the end portions 12a, 13 a, and 

25 14a are precisely controlled to facilitate securing the end portions 12a, 13a, and 14a to 
the associated mounting portions 22, 23, and 24, respectively. The illustrated end 
portions 12a, 13a, and 14a of the stmctural members 12, 13, and 14 are secured to the 
associated mounting portions 22, 23, and 24 by welds, such as showoi at 25 in Figs. 3 
and 4. The welds 25 may be created by any desired process, such as by laser welding 
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or magnetic pulse welding. The use of conventional welding techniques to secure the 
structural members 12, 13, and 14 to the associated mounting portions 22, 23, and 24 
is facilitated when the structural members 12, 13, and 14 and the node 20 are all 
formed from the same metallic material. 
5 However, in some instances, it may be desirable to secure the structural 

members 12, 13, and 14 to the associated mounting portions 22, 23, and 24 without the 
use of welding, such as when some or all of the structural members 12, 13, and 14 and 
the node 20 are formed from different metallic or non-metallic materials. In these 
instances, a second embodiment of one of the nodes, indicated generally at 30 in Figs. 

10 5, 6, and 7, can be used. As shown therein, the illustrated node 30 includes a body 
portion 3 1 having a plurality of mounting portions 32, 33, and 34 extending outwardly 
therefrom. The node 30 can be manufactured in any desired manner, such as by 
casting. As best shown in Figs. 5 and 7, the mounting portions 32, 33, and 34 are 
hollow and are formed having cross sectional shapes that are complementary to the 

15 shapes of the end portions 12a, 13a, and 14a of the structural members 12, 13, and 14 
that are intended to be respectively secured thereto. Thus, the end portions 12a, 13a, 
and 14a of the structural members 12, 13, and 14, respectively, can be inserted 
telescopically within the mounting portions 32, 33, and 34 of the node 30, as shown in 
Figs. 6 and 7. Preferably, the outer surfaces of the end portions 12a, 13a, and 14a fit 

20 within the inner surfaces of the associated mounting portions 32, 33, and 34 with a 
predetermined amount of clearance therebetween. If desired, the end portions 12a, 
13 a, and 14a may also be formed having tapered outer ends (not shown) to facilitate 
the insertion thereof within the associated mounting portion 32, 33, and 34 of the node 
30. Preferably, the end portions 12a, 13a, and 14a of the structural members 12, 13, 

25 and 14 are hydro formed, such that the dimensions of the end portions 12a, 13 a, and 
14a are precisely controlled to facilitate securing the end portions 12a, 13 a, and 14a to 
the associated mounting portions 22, 23, and 24, respectively. The end portions 12a, 
13a, and 14a of the structural members 12, 13, and 14 are secured to the associated 
mounting portions 32, 33, and 34 by adhesive, such as shown at 35 in Fig. 7, and/or by 



rivets 36 or similar fasteners, such as shown at 36 in Figs. 6 and 7. Preferably, the end 
portions 12a, 13a, and 14a and node 30 may be formed such that when the end 
portions 12a, 13a, and 14a are inserted telescopically within the respective mounting 
portions 32, 33, and 34, a gap is provided therebetween. The gap allows the adhesive 
5 35 to be positioned between the end portions 12a, 13a, and 14a and the respective 
mounting portions 32, 33, and 34. 

Fig. 8 is an enlarged exploded perspective view of a plurality of inserts, 
indicated generally at 40, that can be used to form a third embodiment of a node, 
indicated generally at 41 in Figs. 9, 10, and 11, for joining two or more of the 

10 structural members 11, 12, 13, and 14 illustrated in Fig. 1 together. Each of the 

illustrated inserts 40 includes a node securing portion 40a and a mounting portion 40b. 
Each of the node securing portions 40a has one or more apertures 40c formed 
therethrough. Preferably, the inserts 40 are roll-formed and swaged to a desired shape, 
although and desired method of manufacture can be used. To manufacture the node 

15 41, the inserts 40 are initially positioned in desired positions relative to one another, 
such as shown in Fig. 8. Such relative positioning can, for example, be accomplished 
by providing a die (not shown), such as a conventional casting die, having cavities 
formed therein for respectively supporting the inserts 40 in the desired relative 
orientation. Then, the casting die is filled with a conventional casting material that 

20 extends about each of the node securing portions 40a of the inserts 40, including into 
the apertures 40c formed through such node securing portions 40a. Preferably, the 
casting material does not extend about the mounting portions 40b of the inserts 40. 
The casting material is subsequently hardened and removed from the casting die to 
provide the node 41 including a body portion 42 having each of the inserts 40 secured 

25 thereto, as shown in Fig. 9. The casting process is particularly well suited when the 
inserts 40 and the body portion 42 of the node 41 are formed from a different 
materials. For example, the inserts 40 may be formed from a steel alloy material, 
while the body portion 42 of the node 41 may be formed from an aluminum alloy 
material. By allowing the casting material to extend into the apertures 40c formed 
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through the node securing portions 40a of the inserts 40, a secure mechanical 
connection is provided between the body portion 42 of the node 40 and the inserts 40, 
especially when differing materials are used. 

Similar to the mounting portions 22, 23, and 24 discussed above, the mounting 
5 portions 40b are hollow and are formed having cross sectional shapes that are 

complementary to end portions 12a, 13a, and 14a of the structural members 12, 13, 
and 14 that are intended to be respectively secured thereto, such as shown in Fig. 9. 
Thus, the end portions 12a, 13 a, and 14a of the structural members 12, 13, and 14, 
respectively, can be inserted telescopically within the mounting portions 40b of the 

10 node 41, as shown in Figs. 10 and 11. Preferably, the outer surfaces of the end 
portions 12a, 13 a, and 14a fit snugly within the inner surfaces of the associated 
mounting portions 40b. However, the end portions 12a, 13a, and 14a may be formed 
having tapered outer ends, as shown in Fig. 1 1, to facilitate the insertion thereof within 
the associated mounting portion 40b of the node 41. The end portions 12a, 13 a, and 

15 14a of the structural members 12, 13, and 14 can secured to the associated mounting 
portions 40b by welds, such £is shown at 43 in Figs. 10 and 1 1 . The welds 43 may be 
created by any desired process, such as by laser welding or magnetic pulse welding. 
The use of conventional welding techniques to secure the structural members 12, 13, 
and 14 to the associated mounting portions 40b is facilitated when the structural 

20 members 12, 13, and 14 and the mounting portion 40b are all formed from the same 
metallic material. 

Fig. 12 is £ui enlarged exploded perspective view of a plurality of inserts, 
indicated generally at 50, that can be used to form a fourth embodiment of a node, 
indicated generally at 51 in Fig. 13, for joining two or more of the structural members 
25 11, 12, 13, and 14 illustrated in Fig. 1 together. Each of the illustrated inserts 50 
includes a node securing portion 50a and a mounting portion 50b. Each of the node 
securing portions 50a has one or more outwardly extending protrusions 50c formed 
thereon. To manufacture the node 51, the inserts 50 are initially positioned in desired 
positions relative to one another, such as shown in Fig. 12. Such relative positioning 
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can, for example, be accomplished by providing a die (not shown), such as a 
conventional casting die, having cavities formed therein for respectively supporting 
the inserts 50 in the desired relative orientation. Then, the casting die is filled with a 
conventional casting material that extends about each of the node securing portions 
50a of the inserts 50, including about the protrusions 50c formed on such node 
securing portions 50a. Preferably, the casting material does not extend about the 
mounting portions 50b of the inserts 50. The casting material is subsequently 
hardened and removed from the casting die to provide the node 5 1 including a body 
portion 52 having each of the inserts 50 secured thereto, as shown in Fig. 13. The 
casting process is particularly well suited when the inserts 50 and the body portion 52 
of the node 5 1 are formed firom a different materials. For example, the inserts 50 may 
be formed fi-om a steel alloy material, while the body portion 52 of the node 5 1 may be 
formed from an aluminum alloy material. By allowing the casting nlaterial to extend 
about the protrusions 50c formed on the node securing portions 50a of the inserts 50, a 
secure mechanical connection is provided between the body portion 52 of the node 5 1 
and the inserts 50, especially when differing materials are used. 

Similar to the mounting portions 40b discussed above, the mounting portions 
50b are hollow and are formed having cross sectional shapes that are complementary 
to end portions 12a, 13a, and 14a of the structural members 12, 13, and 14 that are 
intended to be respectively secured thereto, such as shown in Fig. 13. Thus, the end 
portions 12a, 13a, and 14a of the structural members 12, 13, and 14, respectively, can 
be inserted telescopically within the mounting portions 50b of the node 5 1, as shown 
in Fig. 13. Preferably, the outer surfaces of the end portions 12a, 13a, and 14a fit 
snugly within the inner surfaces of the associated mounting portions 50b. However, 
the end portions 12a, 13 a, and 14a may be formed having tapered outer ends, as shown 
in Fig. 13, to facilitate the insertion thereof within the associated mounting portion 50b 
of the node 51. The end portions 12a, 13a, and 14a of the structural members 12, 13, 
and 14 can be secured to the associated mounting portions 50b by welds, such as 
shown at 53 in Fig. 13. The welds 53 may be created by any desired process, such as 
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by laser welding or magnetic pulse welding. The use of conventional welding 
techniques to secure the structural members 12, 13, and 14 to the associated mounting 
portions 50b is facilitated when the structural members 12, 13, and 14 and the 
mounting portion 50b are all formed from the same metallic material. 
5 Figs. 14, 15, and 16 illustrate an end portion of one of the structural members 

14 illustrated in Fig. 1 and a pair of insert cups, indicated generally at 60 and 61, that 
can be used to form a fifth embodiment of a node 62 (see Figs. 17 and 18) for joining 
two or more of the structural members 11, 12, 13, and 14 illustrated in Fig. 1 together. 
The insert cup 60 includes a cup-shaped base portion 60a and an outwardly extending 

10 flange portion 60b. Similarly, the insert cup 61 includes a cup-shaped base portion 
61a and an outwardly extending flange portion 61b. The insert cups 60 and 61 can be 
formed in any desired maimer, such as by drawing or stamping a flat sheet of material 
into a desired configuration. Preferably, the cup-shaped base portion 60a of the first 
insert cup 60 is sized to fit snugly within the inner surface of the end portion 14a of 

15 the structural member 14, as shown in Fig. 16. Thus, the first insert cup 60 can be 
secured to the end portion 14a of the structural member 14, such as by a weld 63. 
Similarly, the cup-shaped base portion 61a of the second insert cup 60 is sized to fit 
snugly within the cup-shaped base portion 60a of the first insert cup 60, as also shown 
in Fig. 16. Thus, the second insert cup 61 can be secured to the first insert cup 60, 

20 such as by a weld 64. The welds 63 and 64 may be created by any desired process, 
such as by laser welding or magnetic pulse welding. The use of conventional welding 
techniques to secure the first and second insert cups 60 and 61 to the end portion 14a 
of the structural member 14 is facilitated when the insert cups 60 and 61 and the 
structural member 14 are all formed from the same metallic material. 

25 To manufacture the node 62, the end of the structural member 14 and the insert 

cups 60 and 61 are positioned in a die (not shown), such as a conventional casting die, 
having a cavity formed therein. At the same time, the ends of the other structural 
members, such £is the structural members 12 and 13 illustrated in Fig. 1 (which may 
have similar insert cups (not shown) secured to the end portions 12a and 13a thereof) 
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are also positioned in the die in a desired relative orientation relative to one another. 
Then, the casting die is filled with a conventional casting material that extends about 
the ends of the structural members 12, 13, and 14 and the insert cups 60 and 61 
respectively secured thereto, including about the outwardly extending flange portions 
5 60b and 61b, as shown in Figs. 17 and 18. It will be appreciated that the insert cups 60 
and 61 prevent casting material from undesirably entering within the interiors of the 
respective stmctural members 12, 13, and 14. The casting material is subsequently 
hardened and removed from the casting die to provide the node 62 including a body 
portion 65 having the end portions 12a, 13a, and 14a secured thereto. The casting 

10 process is particularly well suited when the body portion 65 of the node 62 is formed 
from a different material than the structural members 12, 13, and 14 and the insert 
cups 60 and 61. For example, the body portion 65 of the node 62 may be formed from 
an aluminum alloy material, while the structural members 12, 13, and 14 and the insert 
cups 60 and 61 may be formed from a steel alloy material. By allowing the casting 

15 material to extend about the flange portions 60b and 61b of the insert cups 60 and 61, 
respectively, a secure mechanical connection is provided between the body portion 65 
of the node 62 and the structural members 12, 13, and 14, especially when differing 
materials are used. 

It should be appreciated that the insert cups 60 and 61 are intended to be 

20 representative of any desired structure or structures that may be secured to the end 
portions of the structural members to facilitate the securement thereof to the node 62. 
For example, the end portions of the structural members may have either or both of the 
inserts 40 and 50 discussed above secured thereto in lieu of the insert cups 60 and 61 . 
Furthermore, the nodes may be cast in such a manner as to include other portions of 

25 the vehicle, such as a door latch structure, a spring seat structure, an energy absorbing 
structure, and the like. 

Fig. 19 is an exploded perspective view of a plurality of structural members, 
such as a plurality of the straight members 1 1 illustrated in Fig. 1, prior to being joined 
together by a plurality of the nodes 62 illustrated in Figs. 17 and 18 to form a vehicle 
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frame sub-assembly 66. As shown therein, each of the structural members 1 1 has a 
pair of the insert cups 60 and 61 secured to the end portions thereof in the maimer 
discussed above. The structural members 1 1 can be disposed within the respective 
cavities of a multiple cavity die (a four cavity die, in the illustrated embodiment) such 
5 that a pair of adjacent end portions of the structural members 1 1 extends within each 
of the die cavities (which are indicated by the dotted lines in Fig. 19). Then, the nodes 
62 can be cast about the end portions thereof in the manner described above to form 
the vehicle sub-frame assembly illustrated in Fig. 20. Figs. 21 and 22 show a similar 
structure and process, wherein a side frame structure for a vehicle, indicated generally 

10 at 70 in Fig. 22, is formed from a plurality of structural members 71 that are joined 
together by nodes 72 that are cast about the end portions thereof. 

Fig. 23 is a perspective view of a sixth embodiment of a node, indicated 
generally at 80, that can be used to join a plurality of structural members together to 
form the vehicle frame assembly 10 illustrated in Fig. 1 . The node 80 includes a 

15 hollow base portion 81 and an upstanding L-shaped portion 82. The hollow base 

portion 8 1 is closed on the back side thereof. As a result, a closed pocket 83 is defined 
within the base portion 81 of the node 80. Because the back side of the base portion 
8 1 is closed, the pocket 83 can be accessed only through the bottom side of the node 
80. The base portion 81 and the upstanding L-shaped portion 82 of the node 80 define 

20 a generally C-shaped recess 84 on the front side of the node 80. 

Fig. 24 is a perspective view of a pair of structural members 85 and 86 that are 
connected together by the sixth embodiment of the node 80 illustrated in Fig. 23. As 
shown therein, an end portion of the first structural member 85 is inserted within the 
pocket 83 formed in the base portion 8 1 of the node 80. The node 80 and the end 

25 portion of the first structural member 85 can be secured together by any conventional 
means. For example, if the node 80 and the end portion of the first structural member 
85 are formed from the same material, then they can be secured together by 
conventional welding techniques, such as described above. If, on the other hand, the 
node 80 and the end portion of the first structural member 85 are formed from 
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different materials, then they can be secured together by adhesives, mechanical 
fasteners, and the like, as also described above. A portion of a second structural 
member 86 extends through the generally C-shaped recess 84 defined on the front side 
of the node 80. The node 80 and the portion of the second structural member 86 can 
5 also be secured together by any conventional means, as described above. 

Fig. 25 is a perspective view of a seventh embodiment of a node, indicated 
generally at 80', that can be used to join a plurality of structural members together to 
form the vehicle frame assembly 10 illustrated in Fig. 1 . The node 80' is similar to the 
node 80 and includes a hollow base portion 81' and an upstanding L-shaped portion 

10 82'. In this embodiment, the hollow base portion 81' is opened on the back side 

thereof. As a result, an opened pocket 83' is defined within the base portion 81 ' of the 
node 80'. Because the back side of the base portion 81' is opened, the pocket 83' can 
be accessed from both the bottom and back sides of the node 80'. The base portion 
81 ' and the upstanding L-shaped portion 82' of the node define a generally C-shaped 

15 recess 84' on the front side of the node 80'. The first and second structural members 
85 and 86 can be secured to the node 80' in the same manner as described above. 

Fig. 26 is a perspective view of an eighth embodiment of a node, indicated 
generally at 90, that can be used to join a plurality of structural members together to 
form the vehicle frame assembly 10 illustrated in Fig. 1 . The node 90 includes a 

20 hollow base portion 91 and an upstanding L-shaped portion 92. The hollow base 

portion 91 can be either closed or opened on the back side thereof, as discussed above. 
As a result, a pocket (not shown) is defined within the base portion 91 of the node 90. 
The base portion 91 and the upstanding L-shaped portion 92 of the node 90 define a 
generally C-shaped recess 93 on the front side of the node 90. A generally C-shaped 

25 mounting insert 94 is disposed within the generally C-shaped recess 93 on the front 
side of the node 90. The mounting insert 94 and the node 90 can be secured together 
by any conventional means. For example, if the mounting insert 94 and the node 90 
are formed from the same material, then they can be secured together by conventional 
welding techniques, such as described above. If, on the other hand, mounting insert 94 
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and the node 90 are formed from different materials, then they can be secured together 
by adhesives, mechanical fasteners, and the like, as also described above. 

Fig. 27 is a perspective view of a pair of structural members 95 and 96 that are 
connected together by the eighth embodiment of the node 90 illustrated in Fig. 26. As 
shown therein, an end portion of the first structural member 95 is inserted within the 
pocket formed in the base portion 9 1 of the node 90. The node 90 and the end portion 
of the first structural member 95 can be secured together by any conventional means. 
For example, if the node 90 and the end portion of the first structural member 95 are 
formed from the same material, then they can be secured together by conventional 
welding techniques, such as described above. If, on the other hand, the node 90 and 
the end portion of the first structural member 95 are formed from different materials, 
then they can be secured together by adhesives, mechanical fasteners, and the like, as 
also described above. A portion of a second structural member 96 extends through the 
generally C-shaped mounting insert 94 secured to the node 90. The C-shaped 
mounting insert 94 and the portion of the second structural member 96 can also be 
secured together by any conventional means, as described above. 

Fig. 28 is a perspective view of a ninth embodiment of a node, indicated 
generally at 100, that can be used to form a portion of the vehicle frame assembly 10 
illustrated in Fig. 1. In this embodiment, the node 100 includes a body portion 101 
having a plurality of mounting inserts 102 secured thereto. The body portion 101 of 
the node 100 can be cast about the mounting inserts 102 as described above, 
particularly if the body portion 101 of the node 100 and the mounting insert 102 are 
formed from different materials. However, the mounting inserts 102 can be secured to 
the body portion 101 of the node 100 in any desired manner. A structural member 103 
is adapted to be secured to one of the mounting inserts 102 in the same general manner 
as described above. The illustrated structural member 103 has an end portion 103a 
that is sized to cooperate with the associated mounting insert 102. For example, if the 
structural member 103 is hydroformed to a desired shape, then the end portion 103a 
may be the portion of the structural member 103 that was engaged by the end feed 
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cylinders of the hydroforming machine during the hydroforming operation. The end 
portion 103 a of the structural member 103 can be positioned on the associated 
mounting insert 102 and moved relative to the body portion 101 of the node both in a 
lateral direction, as indicated by the arrow 104, and in a rotational direction, as 
indicated by the arrow 105, until a desired relative orientation is achieved. Thereafter, 
the end portion 103 a of the structural member 103 can be secured to the associated 
mounting insert 102 in the manner described above. 

In accordance with the provisions of the patent statutes, the principle and mode 
of operation of this invention have been explained and illustrated in its preferred 
embodiments. However, it must be understood that this invention may be practiced 
otherwise than as specifically explained and illustrated without departing from its 
spirit or scope. 
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